Introduction

37
Nitrogen (N) is a major constituent of proteins, nucleic acids, amino acids, and chlorophylls [1, 2] and is 38 important for plant survival and growth. In leaves, N is mainly used for photosynthesis [3] , and therefore, there is 39 a clear relationship between leaf N contents and photosynthetic capacity. Many researchers use photosynthetic-N 40 use efficiency (PNUE, the ratio of light-saturated net CO 2 assimilation rate (A max ') to leaf N content per area (N area )
41
[4]) to show how efficiently N resources are used during photosynthesis, and studies have been conducted on a 42 variety of species [3, 5, 6] .
43
N involved in photosynthesis has always been an important factor that influences PNUE [7] . Rubisco is the 44 most abundant enzyme in C 3 plants [8] , and it is the key factor in carbon assimilation [9] . Many researchers have 
52
CO 2 is an important raw material for photosynthesis [19] , and CO 2 partial pressure is important for Rubisco 53 activity; this is because O 2 is a competitive inhibitor of the C assimilatory reaction of Rubisco, promoting the 54 Rubisco oxidation reaction [20] . A significant negative correlation between C i (intercellular CO 2 55 concentration)-C c (CO 2 concentration at carboxylation site) and PNUE was found in Populus cathayana [21] . N is 56 also involved in carbonic anhydrases and aquaporins [22] . These proteins play a role in mesophyll conductance 57 (g m ) by changing the nature of the diffusing molecule [23] and facilitating CO 2 diffusion through membranes [24] . concentration. where C Chl is the chlorophyll concentration (mmol g -1 ), V cr is the specific activity of Rubisco (μmol CO 2 g -1
176
Rubisco s -1 ), J mc is the potential rate of photosynthetic electron transport (μmol electrons μmol -1 Cyt f s -1 ), and C B 177 is the ratio of leaf chlorophyll to leaf N during light-harvesting (mmol Chl (g N) -1 ). V cr , J mc , and C B were 178 calculated according to Niinemets and Tenhunen [7] . The fraction of leaf N allocated to the photosynthetic 179 apparatus (P P ) was calculated as the sum of P R , P B , and P L .
180
Statistical Analysis
181
Differences between the seedling leaves were analyzed using one-way analysis of variance (ANOVA), and a 182 post hoc test (Tukey's test) was conducted if the differences were significant. 
Results
186
PNUE in Four Seedling Leaves
187
There were significant differences in PNUE between the leaves of the four seedlings (P < 0.001, Table 1 ). Mean values (± SD) are shown (n = 7). Different letters indicate significant differences between species (Tukey's 208 test, P < 0.05). Statistically significant F-ratios were denoted by * P < 0.05, ** P < 0.01, *** P < 0.001.
209
Photosynthetic parameters are shown in Table 3 and Table 4 . The V cmax and J max in E. fordii were higher than 210 the other three species (Table 3) but the statistically significant values (F-ratios) were lower than PNUE (Table 1) .
211
Stomatal conductance (g s , 0.100 mol CO 2 m -2 s -1 ) and C i (292.88 μmol mol -1 ) in B. alnoides seedling leaves were 212 higher than the other three species (Table 4) (Table 4 ). The C c in B. alnoides seedling leaves (all three methods) was higher than the 215 other three species (Table 4) . Mean values (± SD) are shown (n = 7). Different letters indicate significant differences between species (Tukey's 219 test, P < 0.05). Statistically significant F-ratios were denoted by * P < 0.05, ** P < 0.01, *** P < 0.001. Mean values (± SD) are shown (n = 7). Different letters indicate significant differences between species 224 (Tukey's test, P < 0.05). Statistically significant F-ratios were denoted by * P < 0.05, ** P < 0.01, *** P < 0.001.
216
225
Leaf N Allocation in Four Species Seedling Leaves
226
There were significant differences in leaf N allocation between the four species (P < 0.001, Table 5 ). P P was 227 higher than P CW in four species seedling leaves (Table 5 ). The P P was 3.9 times of the P CW in D. odorifera, 5.4 228 times in E. fordii, 2.0 times in B. alnoides and 1.6 times in C. hystrix. P R > P L > P B in D. odorifera, E. fordii, and 229 B. alnoides seedling leaves, and P R > P L = P B in C. hystrix seedling leaves.
230
The P P in B. alnoides and C. hystrix seedling leaves (both were 0.44 g g -1 ) were higher than D. odorifera and 231 E. fordii (both were 0.27 g g -1 ). The P R and P B in B. alnoides and C. hystrix seedling leaves were also higher than 232 in D. odorifera and E. fordii. The P L in B. alnoides was the highest (0.12 g g -1 ), followed by D. odorifera (0.10 g 233 g -1 ), C. hystrix (0.07 g g -1 ), and E. fordii (0.06 g g -1 ).
234 Table 5 . Fraction of leaf N allocated to Rubisco (P R ), bioenergetics (P B ), light-harvesting components (P L ), 235 photosynthetic apparatus (P P ), cell wall (P CW ), and other parts (1-P P -P CW , P Other ) in four species seedling leaves. Mean values (± SD) are shown (n = 7). Different letters indicate significant differences between species (Tukey's 237 test, P < 0.05). Statistically significant F-ratios were denoted by * P < 0.05, ** P < 0.01, *** P < 0.001.
238
Relationship between PNUE and Affecting Factors
239
There was a positive relationship between g m and PNUE (P < 0.05), in D. odorifera, E. fordii, and B.
240
alnoides, but not in C. hystrix (Fig 1) . Both P P , P R , and P B had a significant positive correlation with PNUE in 241 these species (P < 0.001) (Fig 2) .
242
The relationship between P CW and P R in B. alnoides (P = 0.022) and C. hystrix (P = 0.011) seedling leaves 243 were more significant than in D. odorifera (P = 0.409) and E. fordii (P = 0.637). Regression analysis of P CW with 244 P R in B. alnoides seedling leaves was within the shaded zone; C. hystrix was on the shaded zone; D. odorifera and 245 E. fordii were under the shaded zone (Fig 3) . line is fitted for four species, because there was no significant difference (P > 0.05) according to the result of a 255 one-way ANCOVA with PNUE as a dependent variable, tree species as fixed factors, and P R , P B , P L, or P P as a 256 covariate. 257 258 Figure 3 . Regression analysis of the fraction of leaf N allocated to the cell wall (P CW ) with leaf N allocated to 259 Rubisco (P R ) in four species seedling leaves. The determination coefficient (R 2 ) and P-value are also shown. The 260 shaded zone represents the distribution area of P CW and P R when a trade-off exists, for more information see
261
Harrison et al. [18] . The lines fitted separately for four species were significantly different (P < 0.05) according to 262 the result of a one-way ANCOVA with P R as a dependent variable, tree species as fixed factors, and P CW as a 263 covariate.
264
Discussion
265
The range of PNUE in these tree seedlings was 45.92-120.54 μmol·mol -1 ·s -1 ( (Table 5) . P P , P R , and P B had significant positive correlations 303 with PNUE in these trees (R 2 ≥ 0.735) (Fig 2) Table) . N mass largely affected the N allocation to the photosynthetic apparatus and P CW .
311
A significant negative correlation between P CW and P R in B. alnoides and C. hystrix (P < 0.05) suggested a 312 trade-off between N allocation to Rubisco and cell walls, whereas no trade-off was detected in D. odorifera and E.
313 fordii (Fig 3) . [18] to determine whether leaf N could 317 meet these two needs: the regression analysis of P CW with P R in B. alnoides seedling leaves was within the shaded 318 zone (the shaded zone represents the distribution area of P CW and P R when a trade-off exists), C. hystrix was on 319 the shaded zone which means that B. alnoides and C. hystrix had high P CW and P R and therefore leaf N could not 320 meet both needs, these two factors may affect each other. We believe the high P Other ( wall N. It must be noted that C. hystrix showed a unique relationship between P CW and P R (on the shaded zone), 323 which means higher P CW and P R than the results of Harrison et al. [18] . More trees need to be studied to determine 324 the distribution area of P CW and P R when a trade-off exists.
325
Although both the B. alnoides and C. hystrix are non-N-fixing broadleaf plants, and had some similar 326 functional traits, there were significant differences showed in N mass , LMA, g m , C c , and P CW ( (Fig 3) . Evergreen tree leaves with low PNUE have multiple roles in nutrient conservation, nutrient 339 storage, stress tolerance, herbivore deterrence, and photosynthesis [1] . We should consider that some Rubisco can 340 also function as N storage and may not involve in photosynthesis [78, 79] . This type of Rubisco might lead to 341 greater rates of photosynthesis under suboptimal conditions [1] . Therefore, Rubisco N calculated by the model of
